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CALIBRATIONS OF AIRC€NFT STATIC-PRESSURE SYSTEMS BY 

GROUND-CAMERA AND GROUND-WAR METHODS 

By W i l l i a m  Gracey and Joseph W. S t ick le  

SUMMARY 

Calibrations of two static-pressure systems were determined by a low-level 
flyover method, i n  which a ground-based camera was used, and by a high-altitude 
method based on pressure-alt i tude surveys of t he  atmosphere, i n  which a ground- 
based radar w a s  used. The t e s t  airplane w a s  a large turbojet  transport .  The 
static-pressure systems f o r  which the  cal ibrat ions were determined were a fuse- 
lage vent system and a boom-mounted P i to t - s t a t i c  tube in s t a l l ed  above and forward 
of t he  p i l o t ’ s  compartment. The cal ibrat ion of t he  P i to t - s t a t i c  tube showed tha t  
the  posit ion of the  tube of t h i s  i n s t a l l a t ion  was unsatisfactory f o r  the  measure- 
ment of s t a t i c  pressure because the errors  a t  both sea l eve l  and 25,000 f ee t  were 
large and because the  var ia t ion of t he  e r ror  with Mach number was a l so  large. 

The resu l t s  of the  t e s t s  indicated tha t  the  maximum probable e r ror  (3 stand- 
ard deviations) of both low- and high-altitude cal ibrat ions of the  fuselage vent 
system w a s  about 1 pound per  square foot ,  or I 2  f e e t  a t  sea l eve l  and 30 f e e t  a t  
25,000 f e e t  above sea level.  The cal ibrat ion of the  fuselage vent system a t  sea 
leve l  was i n  good agreement with the  cal ibrat ion i n  the f l i g h t  manual, but the 
cal ibrat ion a t  25,000 f ee t  differed from the  values given i n  the  f l i g h t  manual by 
as much as  100 fee t .  

INTRODUCTION 

A var ie ty  of experimental methods has been developed f o r  the  cal ibrat ion of 
a i r c r a f t  static-pressure systems. (See ref .  1. ) Since the  r e l a t ive  accuracy of 
these methods i s  not known, there  i s  a need f o r  t he  adoption of a standard method 
t o  which the calibrations by other methods could be referenced. In  recognition 
of t h i s  need, the  Federal Aviation Agency (FAA) requested the  assistance of t he  
National Aeronautics and Space Administration i n  investigating methods tha t  might 
prove sui table  a s  a national standard. 

From a review of t he  currently known methods, it appeared tha t  the ground- 
camera method (ref. 2)  fo r  cal ibrat ions a t  low a l t i t ude  and the  ground-radar 
method (ref.  3 )  f o r  calibrations a t  high a l t i t ude  w i l l  meet t he  character is t ics  
of high accuracy and reproducibility ( i n  terms of  t e s t  equipment and experimental 
technique) demanded of a standard method. 



To investigate the accuracy that could be achieved with these methods, the 
FAA and the NASA set up a test program in which the fuselage vent system of a 
high-subsonic transport could be calibrated by each of the two methods. 
calibration by the ground-camera technique, use was made of the same instrumenta- 
tion that was used in the tests of reference 2. For the high-al-titude calibra- 
tion, however, the instrumentation of the present test program represented a con- 
siderable improvement over the test equipment used in the investigation of refer- 
ence 3 .  The improved instrumentation included a recording statoscope (instead of 
a recording altimeter) for measuring the pressure of the static-pressure system 
and a precision radar (instead of a radar-phototheodolite) for measuring the geo- 
metric altitude of the airplane. 

For the 

A s  a supplementary part of the test program, calibration data were also 
obtained for a static-pressure tube located forward of and above the pilot's com- 
partment. This installation was investigated because it was thought that a tube 
located in this region might provide a static-pressure source with errors that 
would not vary too greatly with Mach number. 

SYMBOLS 

CL 

D 

EC 

Er 

lift coefficient 

diameter of airplane fuselage 

elevation from sea level of camera test site, ft 

reference elevation of ground position at which statoscope was 
sealed, ft 

2 acceleration of gravity at camera station, ft/sec 

pressure-altitude error, equivalent to Ap, ft 

height of wing tips above ground when airplane is at rest, ft 

wing-tip deflection when airplane is in flight, ft 

altitude of wing tips above camera, ft 

height of camera above ground, ft 

Mach number 

, lb/sq ft zs - zr calculated pressure at altitude Zr + 



PO 

T 

TO 

tl 

P 

pressure in standard atmosphere at altitude Zr + zs - ", lb/sq ft 
2 

static pressure measured by Pitot-static tube, lb/sy ft 

total pressure measured by pitot-static tube, lb/sq ft 

static pressure measured by fuselage vents, lb/sq ft 

free-stream static pressure, lb/sq ft 

static-pressure error, lb/sq ft 

calculated pressure difference between pressures at Zr and Z,, 
-Pg(Z, - Zr), lb/sq ft 

measured pressure differen.ce between Zr and Zs, lb/sq ft 

measured pressure difference between Zr and Zp, lb/sq ft 

corrected for change in atmospheric pressure during time P 
period of survey, lb/sq ft 

Ap;,, corrected for static-pressure error, as determined by sea- 
level calibration, applicable to CL of survey run, lb/sq ft 

Ap for low-altitude method, lb/sq ft 

Ap for high-altitude method, lb/sq ft 

Ap for pitot-static-tube installation, lb/sq ft 

Ap for fuselage vent systems, lb/sq ft 

impact pressure, pt - pw, lb/sq ft 

, OF abs 's - 'r calculated temperature at altitude Zr + 2 

temperature in standard atmosphere at altitude Zr + zs - zr, OF abs 
2 

time of initial run of pressure-altitude survey before speed r-ms, 
mi nut e s 
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t2 

'i 

ZP 

Zr 

ZS 

P 

PO 

time of initial run of pressure-altitude survey after speed runs, 
minut e s 

indicated airspeed, knots 

geometric altitude of airplane for pressure-altitude survey runs, 
ft 

reference geometric altitude of airplane at which statoscope was 
sealed, ft 

geometric altitude of airplane for speed runs, ft 

, slugs/cu ft ZS - Zr 
calculated air density at altitude Zr + 

Ls - Lr 
2 '  density in standard atmosphere at altitude Zr + 

slugs/cu ft 

standard deviation of test data 

AIRPLANE AND TEST INSTRUMENTATION 

Airplane 

The airplane used for the static-pressure measuring program was a turbojet 
transport. This airplane was equipped with two static-pressure 
installations: 
of a pitot-static tube (type AN 5810) located above and forward of the pilot's 
compartment. 
shown in figure 2. 

(See fig. 1.) 
a fuselage vent system and a special test installation consisting 

The locations of the static-pressure sources of the two systems are 

Test Instrumentation 

Airborne instruments.- The instruments used to measure the pressures of the 
static-pressure systems included an airspeed-altitude recorder, a differential- 
pressure recorder, and a recording statoscope. (See fig. 3. )  The statoscope is 
an instrument incorporating a sensitive differential-pressure gage that measures 
the pressure of. the static-pressure system with respect to the pressure in a ther- 
mostatically controlled chamber that can be sealed at any altitude. I 

The statoscope, altimeter, and static-pressure port of the airspeed capsule 
were connected to the copilot's fuselage vent system. 
speed capsule was connected to the total-pressure tube of the special Pitot-static 
tube installation. The differential-pressure recorder was connected between the 
static-pressure tube of the special test installation and the copilot's fuselage 
vent system. 

The pitot port of the air- 



The records of all of the instruments were marked with an iden t i ca l  time 
scale.  
ever the synchronizer w a s  actuated by an observer i n  the airplane.  

A record synchronizer applied a mark along the recorded time scale when- 

The ranges and sens i t i v i t i e s  of the pressure recorders were as follows: 

Instrument 

Airspeed recorder 

Alti tude recorder 

Differential-pressure 
recorder 

Recording statoscope 

Range, 
lb/sq f t  

800 

2,200 

-+52 

165 

Sensi t i v i  ty,  
lb/sq f t / i n .  record t race  deflection 

Variable from 95 at l 5 O  knots t o  115 
a t  370 knots 

Variable from 295 at  sea-level t o  200 
at 25,000 f t  

49 

32 

In  order tha t  the precision of the radar tracking be increased, a radar 
transponder ( f i g .  4 (a ) )  w a s  i n s t a l l ed  i n  the airplane with the antenna located 
on the under side of the fuselage-nose section ( f i g .  4 (b) ) .  

Ground-based equipment.- The ground-based equipment f o r  the low-altitude 
method consisted of a 5- by 5-inch sing]-e-exposure camera, a radio transmitter-  
receiver, a thermometer, and a precision al t imeter  ( A i r  Force type MA-l), which 
w a s  especial ly  selected f o r  low hysteresis  and repea tab i l i ty  a t  pressures near 
sea leve l .  The camera was mounted with i t s  opt ica l  axis alined 
with the ve r t i ca l  and w a s  equipped with a s ight ing device that  enabled the camera 
operator t o  determine when the airplane w a s  d i r ec t ly  overhead. 
used by the camera operator t o  transmit a voice s ignal  at  the ins tan t  he actuated 
the camera; an observer i n  the  airplane actuated the record synchronizer a t  the  
in s t an t  he received the signal, thereby synchronizing the instrument records with 
the camera photograph. 
ures of air temperature and barometric pressure which were used t o  compute the 
density of the air. 

(See f i g .  5.) 

The radio w a s  

Readings of the thermometer and al t imeter  provided meas- 

The ground-based equipment f o r  the high-alt i tude method consisted of a 
tracking radar se t ,  the AN/FPS-~~ .  
of elevation angle and s l an t  range from which the geometric a l t i t u d e  of the air- 
plane could be computed. The values of elevation angle and s l an t  range were 
recorded on magnetic tape a t  in te rva ls  of 0.1 second. 
t o  vector the airplane i n t o  the t e s t  area f o r  both the pressure-altitude survey 
runs and f o r  the speed runs. 
records and the radar tape were synchronized by means of a radio voice s ignal  
from the radar control  center; on hearing the signal, the airplane observer actu- 
a ted  the record synchronizer and the radar operator actuated the tape marker. 

(See f i g .  6.) This radar provided measures 

The radar was a l so  used 

For each of the test  runs, the airborne-instrument 
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EXPERIMENTAL METHODS AND TEST PROGRAMS 

Experimental Methods 

Low-altitude method.- The test procedure for the calibration of static- 
pressure systems at low altitude (i.e., near ground level) requires that the air- 
plane be flown at constant speed and altitude over a ground-based camera. Prior 
to flight, the statoscope is sealed with the airplane at rest on the ground at a 
known elevation. The airplane is then flown successively over the camera at the 
test speeds for which calibration data are required. 

When the airplane is over the camera, the pressure recorded by the statoscope 
is a measure of (1) the pressure difference between the flight level and the ground 
position at which the statoscope was sealed and (2) the error of the static- 
pressure system. The pressure difference between flight level and ground eleva- 
tion is computed from the geometric altitude of the airplane as determined from 
the camera photographs and from the value of the existing air density as deter- 
mined from the measured temperature and pressure at the camera station. 
static-pressure error is then determined as the difference between the measured 
and computed pressure differentials between the ground elevation and the flight 
level. 

The 

High-altitude method.- For the calibration of static-pressure systems at 
high altitude, the existing variation of atmospheric pressure with height is first 
determined through a limited range of altitude within a preselected test area. 
Just prior to the pressure-altitude survey, the statoscope is sealed at some alti- 
tude near the lower limit of the test altitude range. The variation of pressure 
with altitude is then determined by flying the airplane through the test altitude 
range at a low airspeed, for which the static-pressure error had been determined 
by the low-altitude method. During the pressure-altitude survey (and for the 
subsequent speed runs as well) the height of the airplane is measured by a ground- 
based radar and the pressure is measured with reference to the pressure at the 
altitude at which the statoscope was sealed. 

Immediately following the pressure-altitude survey, the airplane is flown 
through the test area near the midpoint of the surveyed altitude range at the test 
airspeeds for which static-pressure errors are to be determined. At the comple- 
tion of the speed runs, a second pressure-altitude survey is conducted to deter- 
mine any variation of atmospheric pressure during the time period of the tests. 

For each speed run, the static-pressure error is determined as the difference 
between the pressure differential measured during the speed run and the corre- 
sponding pressure differential in the atmosphere. 
the atmosphere is determined from the two pressure-altitude surveys (corrected 
for the static-pressure error corresponding to the survey speed) and from the 
height and time at which the calibration run was conducted. 

The pressure differential in 
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Test Pro grams 

Indicated a i r  speed, 
knots 

150 
200 
260 
320 

Low-altitude tests.- The t e s t  program for the  low-altitude ca l ibra t ion  con- 
s i s t e d  of a series of speed runs a t  an a l t i t u d e  of about 600 f e e t  over the camera 

Flap se t t ing ,  
deg 

20 
0 
0 
0 

s ta t ion .  For the  f i rs t  of two f l i g h t s  the indicated airspeeds 
were as follows: 

and f l a p  se t t ings  

The t e s t s  were conducted i n  sequence from low speed t o  high speed, and the 
sequence w a s  repeated three times. 
day a f t e r  the  f i r s t  f l ight ,  the  t e s t  program f o r  airspeeds of 200 and 320 knots 
was repeated. During the f i r s t  f l i g h t ,  the  a i r c r a f t  weight varied from l 5 0 , O O O  
t o  128,000 pounds; for the  second f l i g h t ,  the  weight varied from 153,000 t o  
140,000 pounds. 

For the  second f l i g h t ,  which w a s  made the 

High-altitude tes t s . -  The ca l ibra t ions  of the s ta t ic-pressure systems a t  
high a l t i t u d e  were determined during two f l i g h t s  conducted on successive days. 
Each f l i g h t  w a s  conducted within a tes t  area having a diameter of about 10 miles; 
the  center  of the a rea  w a s  located about 12 miles from the radar. A t  the  start  
of the  f l i g h t  the statoscope w a s  sealed at  an a l t i t u d e  of about 24,000 f e e t .  A 
pressure-al t i tude survey w a s  then conducted a t  an indicated airspeed of 200 knots 
and f l a p  s e t t i n g  of Oo a t  nominal a l t i t u d e s  of 24,000, 25,000, and 26,000 f ee t .  
A t  each a l t i t ude ,  s ix  survey runs were made with the airplane s t ab i l i zed  i n  speed 
and a l t i t ude .  For each survey run the airplane w a s  on a d i f fe ren t  heading and 
i n  a d i f f e ren t  region of the tes t  area; hence, the slant range, elevation angle, 
and pressure measurement were d i f f e ren t  fo r  each t e s t  run. This t e s t  procedure 
provided independent measures of a l t i t u d e  and pressure d i f f e r e n t i a l  f o r  the s i x  
survey runs. 

Following the i n i t i a l  pressure-al t i tude survey, speed runs were made through 
the tes t  area a t  an a l t i t u d e  of about 25,000 f e e t  and a t  indicated airspeeds of 
235, 320, and 370 knots. The sequence of the  tests w a s  from low t o  high speed and 
w a s  repeated three t i m e s .  Immediately following the last speed run, a second 
pressure-alt i tude survey w a s  conducted a t  the  speed and a l t i t udes  of the  i n i t i a l  
survey. During a l l  these survey and speed runs the  airplane w a s  tracked with the 
airborne transponder i n  operation. 

A t  the  completion of the  second pressure-alt i tude survey of the f i r s t  flight, 
the survey a t  26,000 feet  was repeated with s i x  runs a t  an indicated airspeed of 
l5O knots and a f l a p  s e t t i n g  of 20°. During the tes t  period of the f i r s t  f l i g h t  
the  a i r c r a f t  weight varied from 154,000 t o  l 3 0 , O O O  pounds, and fo r  the second 
f l i g h t  the  weight varied from l50,OOO t o  132,000 pounds. 
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DATA REDUCTION 

Low-Altitude Method 

In the low-altitude method, the difference between the pressure at the refer- 
ence geometric altitude of the airplane 
altitude of the airplane over the camera station Zs was calculated from the 
relation 

Zr and the pressure at the geometric 

I APC = -Pg(Zs - Zr) 
I where p is the air density at the midpoint between Z r  and Zs, and g is the 
I acceleration of gravity at the camera station. The value of p at altitude 
I 

was computed from the equation Zs - Zr 
2 Zr + 

p To P = P  -- 
0 Po T 

where p and T are calculated values of the existing pressure and temperature 

po, and To are the density, pressure, and ZS - Zr 
at altitude Zr + J and Po, 2 
temperature, respectively, in the standard atmosphere at the same altitude. The 
values of p and T were computed from the measured values of pressure and tem- 
perature at the camera station and on the assumption of a standard pressure and 
temperature gradient with altitude. 

For the determination of the value of Zs - Zr in the low-altitude method, 
the wing tips of the airplane were used as a reference for the altitude measure- 
ments. The altitude h2 of the wing tips above the camera was computed from the 
wing span of the airplane, the length of the wing span on the photographic film, 
and the focal length cf the camera lens. As indicated in figure 7, the value of 
Zs was then determined from the elevation of the camera site E,, the height of 

h2, and the deflection of the the camera above the ground 
wing tips Ahl (about 3 feet for the test airplane). The reference altitude Zr 
was determined from the elevation E, 
scope was sealed and from the height of the wing tips above the ground when 
the airplane was at rest. 

the value of h4' 

of the ground position at which'the stato- 

hl 

The measured pressure difference Ap, between Zr and Zs was determined 
from the recording of the statoscope when the airplane was over the camera station. 
The recorded value of Apm 
barometric pressure that occurred after the statoscope was sealed. These changes 
in barometric pressure were determined from the readings of the precision altim- 
eter at the camera station. The static-pressure error Ap was then determined 
as the difference between the corrected values of 
increment Apc . 

for each speed run was corrected for any changes in 

Apm and the calculated pressure 



The film records from the pressure recorders and from the camera were eval- 
uated with either a precision scale or  an optical measuring instrument having a 
higher order of reading accuracy. 
the recording altimeter were evaluated with the scale to a reading accuracy of 
0.01-inch film-trace deflection. The values of q, determined from the air-speed 
recorder were used for the computation of CL; the values of pv determined from 
the recording altimeter were used, in combination with the values of s,, for the 
determination of M. The records of the differential-pressure recorder and the 
recording statoscope were evaluated to an accuracy of 0.002-inch trace deflection. 
This measuring accuracy corresponded to a reading accuracy of 0.1 pound per square 
foot for the differential-pressure recorder and 0.06 pound per square foot for 
the statoscope. The photographs of the airplane were read to an accuracy of 
0.002 inch; for the smallest wing-span image lengths recorded (about 1.5 inches), 
this reading accuracy corresponded to an error in altitude of about 1 foot. 

The records of the airspeed recorder and 

High-Altitude Method 

The application of the pressure-altitude survey to the determination of 
static-pressure errors by the high-altitude method is illustrated in figure 8. 
The two solid lines in this figure represent the pressure differential 
from altitude Z, 
tudes Zp of the survey test runs. The difference between the values of Apm 
at the various values of 
represent the change in atmospheric pressure during the test period. Because 
of this change in atmospheric pressure with time, it is necessary to adjust the 

curves to the times tl and t2 of the initial survey run in each 
of the two surveys. This adjustment, which produces the Apk ,p,Zp curves, is 
determined from (1) the change of Ap m, P 
and (2) the times at which the two values of 

to produce the Ap" 
pheric pressure with altitude at times tl and t2. The static-pressure correc- 
tions are determined from the static-pressure errors measured by the low-altitude 
method at the same values of 

Apm ,P 
(the altitude at which the statoscope was sealed) to the alti- 

,P 
Zp in the surveys before and after the speed runs 

zP with time at a given altitude 
were recorded. The 

curves are then corrected for the error of the static-pressure system 
curves, which represent the actual variation of atmos- m, P' zP 

CL. 

For each speed run a value of Ap" is determined from the altitude of the 
m, P 

speed run Zs and from interpolation between the two AP:,~,Z~ curves on the 
basis of the time at which the speed run was recorded. 

ure 8, the speed run is assumed to have occurred at time tl + tl + t2 so that 
the value of Ap" representative of the atmospheric pressure at that time is 

the value midway between the two A%,,,ZP curves. The static-pressure error 
for the speed run is then determined as the difference between this value and the 
value A&,, measured in the speed run. 

In the illustrative fig- 

m, P 
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For the high-altitude calibrations, the film records from the four pressure 
recorders were evaluated to the same reading accuracy as was employed for the low- 
altitude calibrations. 
were recorded in increments of 1 foot and O.OO0lo, respectively; the altitude of 
the airplane was computed from these values to increments of 1 foot. 

The slant range and elevation angle measured by the radar 

RESULTS AND DISCUSSION 

Calibration of Fuselage Vent System 

Low-altitude calibration.- The calibration of the fuselage vent system as 
determined by the low-altitude method is presented in figure 9.  
were determined for flap settings of Oo and 20' and were obtained from two flights 
conducted on different days. The static-pressure errors Ap are presented as 
fractions of the impact pressures and are plotted as a function of lift coef- 
ficient CL. 
standard deviation 
level. 
probability of 99.7 percent) is, therefore, about 1 pound per square foot or 
12 feet at sea level. 

Calibration data 

9, 
From the deviations of the data points from the faired curves, the 

a was found to be 0.3 pound per square foot or 4 feet at sea 
The maximum probable error (that is, the 3a value or the value having a 

Pressure-altitude surveys.- The pressure-altitude surveys determined in the 
first of the two high-altitude calibrations are presented in figure 10. This fig- 
ure shows the variation with altitude Zp of the measured pressure increment Ag, 
of each survey run as determined at an indicated airspeed of 200 knots. Each of 
the data points was corrected for the atmospheric-pressure variation with time and 
for the static-pressure error for the lift coefficient of the test run. For both 
of the surveys, the maximum deviation of the data points from the faired curves 
was less than 0.5 pound per square foot or 15 feet at 25,000 feet above sea level. 

Figure 11 shows a comparison of the pressure-altitude surveys determined at 
two airspeeds for which the static-pressure errors were different. 
scales for both Ap" and Zp in figure.11 are expanded considerably with 
respect to those in figure 10.) 
static-pressure error was essentially zero, whereas, for the airspeed of 200 knots, 
the error was about 1 pound per square foot. Despite this relatively large differ- 
ence in the two errors, the data points for both survey airspeeds fall along a 
single curve with a maximum deviation no greater than 0.3 pound per square foot or 
10 feet at 25,000 feet above sea level. 

(Note that the 

For the indicated airspeed of 150 knots, the 
m, P 

High-altitude calibration.- The calibration of the fuselage vent system at an 
altitude of about 25,000 feet is given in figure 12(a). 
variation of Ap/q, with CL as determined at test airspeeds of 200, 235, 320, 
and 370 knots. The data for the 200-knot speed were determined from the pressure- 
altitude survey at 150 knots (fig. 11). A comparison of the sea-level calibration 
(from fig. 9 )  with the high-altitude data shows that the calibrations are the same 
at the higher values of CL but that they deviate for values of CL less than 
0.3. At CL less than 0 . ~ 6  the errors for 25,000 feet became more positive 

This figure shows the 
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because of compressibility effects. 
data is 0.34 pound per square foot, so that the maximum probable error is about 
1 pound per square foot; the corresponding altitude error for 25,000 feet is 
30 feet. 

The standard deviation of the high-altitude 

In figure 12(b) values of Ap/q, 
plotted as functions of Mach number. 
curve extrapolated to 25,000 feet on the assumption that the static-pressure error 
is a function of CL only. This extrapolated curve agrees with the experimental 
curve to within 0.2-percent s, for the Mach number range up to 0.77. Since this 
is the Mach number at which the error of this fuselage vent installation begins 
to rise, it is also the limiting Mach number to which the extrapolated sea-level 
data could be expected to agree with the 25,000-foot curve. 

for both sea level and 25,000 feet are 
Also shown in this figure is the sea-level 

Figure 13 shows the variation with indicated airspeed of the altitude error 
of the fuselage vent system at sea level and for an altitude of 25,000 feet. AH 

The values of AH were determined from the values of Ap/q, from figure 12(b) 
and were computed on the basis of the pressure-altitude gradients of the standard 
atmosphere. 
manual of the airplane. Although the two sea-level curves agree to within 10 feet, 
the 25,OOO-foot curves differ by as much as 100 feet at the higher speeds; in addi- 
tion, the reversal point of the curve determined in the present tests occurs at an 
indicated airspeed about 20 knots lower than that of the flight-manual curve. 

Also shown in figure 1 3  are the calibrations given in the flight 

Calibration of pitot-static-tube installation.- The calibration of the pitot- 
static-tube installation was determined indirectly from the calibration of the 
fuselage vent system and from the measured pressure difference between the tube 
and the vents. This pressure difference pT - pv is presented in figure 14 as 
a fraction of Q and is plotted as a function of CL; data are given for both 
sea level and an altitude of 25,OOO feet. 

tion as a function of 

in figure 14 and from the values of 
ures 9 and 12(a). 
sented as a function of Mach number. A s  indicated by these calibrations, the 
static-pressure errors of the tube installation range from about 72 to 1% per- 
cent of %. 
errors for both sea level and 25,000 feet vary considerably with Mach number, 
it would appear that the tube location tested in this investigation would 
prove unsatisfactory for the measurement of static pressure. 

The calibration of the tube installa- 
P T - P V  

q C  CL (fig. 15) was determined from the values of 

Ap/qc of the fuselage vent systems in fig- 
In figure 16 the calibrations of the tube installation are pre- 

1 1 

Because of the magnitude of these errors and the fact that the 

CONCLUSIONS 

Calibrations of two static-pressure systems on a large turbojet transport 
were determined near sea level by a ground-camera technique and at an altitude of 
23,000 feet by a ground-radar method. The two static-pressure systems were a 

11 



fuselage vent system and a boom-mounted pitot-static-tube insta stion located 
above and forward of the pilot's compartment. The results of the tests indicated 
that: 

1. The maximum probable error (3 standard deviations) of both the low- and 
the high-altitude calibrations of the fuselage vent system was about 1 pound per 
square foot with corresponding altitude errors of 12 feet at sea level and 30 feet 
at 25,000 feet above sea level. 

2. The calibration of the fuselage vent system at sea level was in good agree- 
ment with the calibration in the flight manual, but the calibration at 25,000 feet 
differed from the values given in the flight manual by as much as 100 feet. 

3 .  The calibration of the Pitot-static tube showed that the position of the 
tube of this installation was unsatisfactory for the measurement of static pressure 
because the errors at both sea level and 25,000 feet were large, and because the 
variation of the error with Mach number was also large. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., July 15, 1963. 
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( a )  Transponder. L-63-508 

L-63-510 
(b)  Antenna on under s ide  of fuselage-nose sec t ion .  

Figure 4.-  Radar transponder and antenna. 
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Figure 5. - Ground-based equipment used in low-altitude-calibration method. L-62-1489. 1 



Figure 6. - Ground-based equipnent for  h igh-a l t i tude  method. L-61-1991. 1 
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Figure 11.- Pressure-altitude survey at two indicated airspeeds. 
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F l i g h t  

Sea l eve l  ’ 

Figure 14.- Variat ion with l i f t  c o e f f i c i e n t  of difference between s t a t i c  pressure measured by p i t o t -  
s t a t i c  tube and by fuselage vent system. 
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Figure 15.- Variation with lift coefficient of static-pressure error of Pitot-static tube. 



-4 

.I2 

.10 

.08 

06 

04 

. 0; 

( I 1 1 1 1 1 
. 5  .6 .7 . 8  .2 93 - 4  

Mach number 

Figure 16.- Variation with Mach number of static-pressure error of Pitot-static tube. 
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